A new and facile protocol for the synthesis of dithiocarabamate in EtOH/H 2 O is described. Reaction of aromatic and aliphatic amines with CS 2 and 3,4-dihydro-2H-pyran in the presence of N,N,N',N'-tetrabromobenzene-1,3-disulfonamide [TBBDA] and poly(N-bromo-N-ethylbenzene-1,3-disulfonamide) [PBBS] gives the corresponding dithiocarbamates in good to high yields.
Introduction
The development of simple, versatile, and environmentally friendly processes or methodologies for widely used organic compounds from readily available reagents is one of the major challenges for chemists in organic synthesis. Organic sulfur compounds are widespread in numerous natural products and widely used as various artificial chemicals. Dithiocarbamates, in particular, are precursors with extensive uses in organic synthesis.
1-5 Synthesis of organic molecules via green, mild, and simple procedures is currently receiving considerable attention. Also, reducing or eliminating the use and generation of hazardous substances is a goal of green chemistry. In this context, EtOH/H 2 O is the preferred choice as a solvent. Reactions in aqueous media are generally environmentally safe, devoid of any carcinogenic effects, are simple to handle, cheaper to operate, and are especially important in industry. 6 The development of efficient methods for the synthesis of dithiocarbamate has attracted significant interest. Dithiocarbamates are valuable compounds due to their interesting chemistry and wide utilities and applications.
Reports in the literature demonstrate that the dithiocarbamate containing molecules show antibacterial, anthelmintic, anti-cancer, fungicidal, and growth depressant properties 7, 8 and HIV-I NCp7 inhibitors. 9 The utility of dithiocarbamate group as linkers in solid phase organic synthesis 10,11 and in certain photochemical applications 12 is also well documented. The dithiocarbamate functionality chelates heavy metals that make them versatile ligands.
13 Dithiocarbamate (DTC) derivatives are well known as organic intermediates, rubber additive, additive of polluted water, and vulcanizing agents.
14

Brassinin
15 as shown in (Fig. 1) , a crucial plant defense first isolated from cabbage, had cancer preventive activity. The antibacterial effect of dithiocarbamates was reported to arise by reaction with HS-groups of physiologically important enzymes by transfering the alkyl group of the dithioester to the HS-function of the enzyme. 16 Earlier approaches for the synthesis of dithiocarbamate esters employed the reaction of an amine with expensive and toxic reagents such as thiophosgene and its derivatives. 17 Synthesis of substituted dithiocarbamates is carried out by a reaction of amine and carbon disulfide (CS 2 ) on electron-deficient alkene through Michael-type reaction in the presence of a base or solid alkaline Al 2 O 3 , 18 ionic liquid, 19 Cs 2 CO 3 , tetrabutylammonium iodide (TBAI), 20 and K 3 PO 4 , 21 however, in spite of their potential utility, many of these methods involve various drawbacks such as the use of expensive or less easily available reagents, vigorous reaction conditions, long reaction time, tedious manipulations in the isolation of the pure products.
Result and Discaussion
In a continuation of our interest in the application of N,N,N',N'-tetrabromobenzene-1,3-disulfonamide (TBBDA) and poly(N-bromo-N-ethylbenzene-1,3-disulfonamide) (PBBS), 22 (Scheme 1), in organic synthesis, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] we wish to report here a facile and improved protocol for preparation of dithiocarbamate derivatives, from amines, carbon disulfide (CS 2 ) and 3,4-dihydro-2H-pyran in the presence of TBBDA and PBBS as catalysts in EtOH/H 2 O at ambient conditions (Scheme 1).
The advantages of TBBDA and PBBS are as follows: 1. The preparation of TBBDA and PBBS are easy. 2. TBBDA and PBBS are stable under atmospheric conditions for two months.
3. After completion of the reaction, the catalysts are recovered and can be reused several times without decreasing Synthesis of organic molecules via green, mild, and simple procedures is currently receiving considerable attention. Also, reducing or eliminating the use and generation of hazardous substances is a goal of green chemistry. In this context, EtOH/H 2 O is the preferred choice as a solvent. Reactions in aqueous media are generally environmentally safe, devoid of any carcinogenic effects, are simple to handle, cheaper to operate, and are especially important in industry.
36 Initially, we decided to explore the role of our catalysts in EtOH/H 2 O as solvent system for the preparation of tetrahydro-2H-pyran-2-yl cyclohexylcarbamodithioate as a model compound. In the absence of catalyst, no product was observed, even after prolonged reaction time. Since, the synthesis of tetrahydro-2H-pyran-2-yl cyclohexylcarbamodithioate failed in the absence of catalyst, (Table 1, entry 12) the effect of catalysts was also investigated in various conditions. Since synthesis of this product was not suitable yields (Table 1 , entries 1-11). We found that the best results were achieved using EtOH/H 2 O (Table 1, entry 14) . These results encouraged us to investigate the scope and generality of this new protocol for various amines, carbon disulfide and 3,4-dihydro-2-pyran (DHP) under optimized conditions.
To test the generality and versatility of this new procedure in the synthesis of dithiocarbamate derivatives, we examined a number of aliphatic, aromatic and alicyclic amines, in the presence of carbon disulfide (CS 2 ) and 3,4-dihydro-2H-pyran under optimized conditions ( Table 2 ). The reaction was carried out in EtOH/H 2 O (5 mL) at room temperature for appropriated time, using amine (6 mmol), carbondisulfide (7 mmol), 3,4-dihydro-2H-pyran (7 mmol) in the presence of TBBDA (0.108 mmol, 0.06 g) or PBBS (0.12 g). Since TBBDA contain bromine atoms which are attached to nitrogen atoms, it is very likely that they release Br + in situ which can act as Lewis acid catalyst in this reaction.
The possible mechanism for the formation of product is shown in Scheme 2. The generation of dithiocarbamat derivatives from reaction of amines, carbon disulfide (CS 2 ), and 3,4-dihydro-2H-pyran (DHP) most likely involves a Br + transfer from catalysts to amine and formation of N-bromoaminium (A)
35 then 3,4-dihydro-2H-pyran (DHP) activated by H + and generation tetrahydropyrylium (B) in cuntinued tetrahydropyrylium as electrophilic substrate was attacked by dithiocarbamate -SH group (C) for preparation of intermediate (D) in final elimination of Br produces the product (E) (Scheme 2).
Conclusion
In summary, we have developed a new facile protocol for the synthesis of new aliphatic and aromatic dithiocarbamate derivatives, from the reaction of amines, carbondisulfide and 3,4-dihydro-2H-pyran compounds using TBBDA and PBBS under ambient temperature.
General Procedure for the Synthesis of Dithiocarbamate Derivatives. To a mixture of cyclohexyl amine (6 mmol), carbon disulfide (7 mmol), 3,4-dihydro-2H-pyran (7 mmol) in EtOH/H 2 O (5 mL), TBBDA (0.108 mmol, 0.06 g) or PBBS (0.12 g) was added. The reaction mixture was stirred vigorously at room temperature for 60 min. Then, the products were extracted with ethyl acetate (2 × 20) and the combined organic layers were washed with water and dried over anhydrous Na 2 SO 4 . The solvent was evaporated under reduced pressure to give the products with high purity in most of the cases. If needed, the products were purified by flash column chromatography (silica gel, ethyl acetate/petroleum ether; 3/5). The products were characterized by their IR, 
